Introduction
The southeastern Bering Sea is characterized by great inter-annual variation in sea-ice extent and retreat timing [1, 2] . Ice-retreat timing affects the availability of sea-ice algae needed for zooplankton egg production and growth [3] [4] [5] . In early-ice-retreat-years, zooplankton recruitment and biomass are low over the middle shelf (50-100 m) [3, [5] [6] [7] . Consequently, age-0 walleye pollock Gadus chalcogrammus, a zooplanktivorous fish species of major commercial importance, is thought to experience low survival because age-0 fish are unable to accumulate sufficient lipid to survive their first winter and therefore cannot recruit into the fishery [6, 8, 9] .
Seabird abundance and community composition in the southeastern Bering Sea change seasonally and spatially along the cross-shelf bathymetry gradient [10, 11] . Here, we quantify the summer abundance of crustacean zooplankton and age-0 pollock, which are key prey items for seabirds [12, 13] , in years of early-and late-spring-ice-retreat. We then compare the summer distribution and abundance of seabirds as they relate to variability in the timing of spring sea-ice-retreat and abundance of their prey.
We hypothesize that summer densities of seabirds will respond to variability in the timing of spring ice-retreat, mediated through the food web. From & 2016 The Author(s) Published by the Royal Society. All rights reserved.
this, we predict that in early-ice-retreat-years: (i) summer densities of surface-foraging seabirds are reduced, (ii) surfaceforaging seabirds die or move to better foraging grounds away from the middle shelf, and (iii) pursuit-diving species, which can access most of the water column, are more resilient than surface feeders and show smaller effects.
Material and methods
We defined early-ice-retreat-years (data from the National Ice Center) as those below the 40 percentile, and late years as those above the 60 percentile of mean April ice coverage (table 1) . We estimated relative densities of copepods from oblique bongo net tows and age-0 pollock with surface trawls at pre-defined, regularly spaced stations [6] . Euphausiids were surveyed hydro-acoustically [14] . We obtained records of seabirds in the North Pacific Pelagic Seabird Database [15] that were collected in the southeastern Bering Sea study area (see electronic supplementary material, figure S1 ), from 1975 to 2014 between 1 June, by which time ice has almost completely disappeared, and 15 September. We categorized each species as a surface forager or pursuit diver (table 2) . Seabirds were sampled opportunistically, therefore we standardized for effort and pro-rated unidentified birds as described previously [10] . Samples from all years within each iceretreat category were merged to maximize sample sizes. Mean bathymetry depth is the density-weighted mean depth of waters where species were recorded, the centre of gravity of a species' distribution within the study area. Shearwaters Ardenna spp. forage both as pursuit divers and surface feeders. We analysed them separately because their high numbers would have overwhelmed any pattern from the remaining species. Densities of large zooplankton species were reduced in early-ice-retreat-years, having densities 0.41Â, 0.055Â and 0.36Â relative to late-ice-retreat-years for Euphausiids, Calanus marshallae/glacialis and Neocalanus spp., respectively (figure 1). Near-surface densities of age-0 walleye pollock displayed an opposing trend, and were 51Â more abundant in early-than in late-ice-retreat-years (figure 1).
Most seabird species were found in lower densities in earlythan late-ice-retreat-years ( figure 2a) . Averaging the results of all individual seabird species, we find that early-ice-retreatyear densities were 10.1% (95% CI: 1.1-47.9%) of the density in late years. Five species virtually disappeared, with densities in early-ice-retreat-years over six orders of magnitude lower. One species displayed an early-ice-retreat-year density over 10Â higher than seen in late years. The total number of birds was largely driven by shearwaters and was 2.0Â higher in early-than in late-ice-retreat-years. Surface-foraging and pursuit-diving species showed decreased densities in earlyice-retreat-years, with broadly overlapping confidence intervals between the two groups. Surface foragers tended to be in shallower, and pursuit divers in deeper waters in early-iceretreat-years than in late-ice-retreat-years; however, 95% CIs overlapped (figure 2b).
In early-ice-retreat-years, shearwaters were less abundant by a factor %50 over deep waters and more common by a factor of %5 over the shelf than in late years (figure 2d). We found the densities of all pursuit divers, combined, decreased in the shallow and deep extremes of the study area and between 80 and 150 m, but increased over the middle shelf and around 200 m at the shelf edge (figure 2c). Densities of the remaining surface-foraging species over shelf -slope waters were depressed in early-ice-retreat-years by a factor of 2, elevated over much of the middle shelf, and depressed in the shallow waters of the inner shelf (figure 2e).
Discussion
We found that summer densities and distributions of seabird species in the southeastern Bering showed substantial differences associated with the timing of sea-ice retreat in the preceding spring. It is currently unclear whether these changes represent changes in population size or short-term shifts in and out of the study area, both of which we consider possible. In either case, our results can be interpreted as changes in the suitability of the environment of the study area for a species. This is the first time that such a dataset has been used to examine the responses of an entire seabird community to the timing of sea-ice retreat.
Paradoxically, while the euphausiids and copepods that we sampled showed a strong negative response to an earlyice-retreat, age-0 pollock in near-surface waters were found in much greater densities in these years. Because we sampled rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160276
age-0 pollock only in the upper water layers, we do not know whether these fish had a larger population size in early-iceretreat-years or if their vertical distribution in the water column changed. Low densities of large, lipid-rich crustacean zooplankton may be responsible for age-0 pollock foraging longer near the surface to accumulate lipids needed for winter survival [9] , thereby delaying their ontogenetic vertical migration during early-ice-retreat-years [16] . Our results mostly matched the prediction that in early-iceretreat-years, seabirds would be found in lower densities. We also saw large-scale redistributions of seabirds along the bathymetry gradient, with surface foragers moving into shallower PIGU  THGU  STAL  CAAU  PECO  MAMU  KIMU  PAJA  HOPU  COMU  TBMU  GLGU  RLKI  BFAL  FTSP  TUPU  ALTE  LEAU rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160276 waters, and pursuit divers into deeper waters. Even though divers showed a small level of decline over the outer shelf, but contrary to our prediction, shearwaters and surface feeders were more abundant over the middle shelf (50-100 m depth) in early-than in late-ice-retreat-years. Many surface-foraging seabirds prey on juvenile pollock [13] , and would find these fish more available in years with early ice retreat. The decrease of shearwaters and surface feeders over deep waters in early-ice-retreat-years may result from improved conditions over the shelf, or possibly from increased stratification and decreased near-surface prey availability over deep waters. Our results are based on the association of inter-annual variability in the timing of sea-ice retreat, and therefore may provide insight into the eventual effects of climate warming. A warmer southeastern Bering Sea will have reduced winter and spring ice cover, even though major variability will persist [2] . With little sea-ice cover in early spring, there will be a gap in time between the availability of ice algae and the open-water spring bloom. This gap in the availability of primary production will deprive the current key prey species, Thysanoessa raschii and C. marshallae/glacialis, of the food they need for reproduction [1, 3, 5, 9] . Without these lipid-rich prey, and if no other suitable prey species emerge, populations of age-1 and older walleye pollock [17] , most seabirds and other top predators will probably decline. Such changes will result in a very different eastern Bering Sea ecosystem and fishery than we know today.
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